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Abstract 
As reported before, the Lightweight design department of the Fraunhofer Institute IWU is collaborating with several foundries in 
manifold projects. The objectives show a large variety starting with energy management activities and leading to product and 
technology development. Especially in high pressure die casting, most of the products are material minimized till the edge of the 
castability. The wall thickness is decreased to their very limits, holes are integrated for lightweight reasons and structures 
modified by topology optimization pushing this traditional industrial sector to the newest state of technology. 
Many attempts have been published trying to combine that high level serial production technology with the cellular structures for 
lightweight reasons on the one hand and for material efficiency on the other. Anyway, till now none of them is dealing with real 
serial die casting parts. The geometry of the parts needs to be adapted to the requirements of the pore generation procedure. As 
these approaches are rather complex, in some cases the invested energy, time and additives consume the savings reached by the 
pore integration. 
The intention of the project is based upon the omnipresent resource efficiency. By intensive technological investigation of the 
state of the art and several practical test runs, almost all published strategies of pore generation in high pressure die casting have 
been analyzed. The industrial partner of the project rejected all of the current approaches as irrelevant for serial application 
forcing us to create new ideas. Differing from common metal foam structures the objected material savings are around 20-25 %. 
By changing the die-casting-machine setup and several parameters the first parts in original geometry have been realized 
reaching the target of material reduction. Mostly homogenous pores have been integrated in common serial parts containing a 
wall thickness of below 3 mm while the outer shell is still completely closed and no visual differences compared to the 
conventionally produced parts occur. 
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1. Introduction 
Aluminum foam in large serial production has always been an objective of the project activities at the Fraunhofer 
Institute IWU, other institutions and companies working on cellular metals.  What has been realized in open porous 
structures by the Alantum Corporation is not yet state of the art in three dimensional closed cellular structures. The 
substantial progress of Foamtech Co., Ltd and Alulight® is still related to semi-finished or smaller numbers of parts. 
An industrial partner of the Fraunhofer Institute IWU asked to implement the foaming technology into large 
housings to facilitate the handling and logistic. Once the project had started, the focus changed enormously towards 
weight reduction for cost reduction only.  
It’s still common for the casting industry, to get paid by casting tonnage. By governmental regulations the price of 
the final products of our customers, need to be reduced to half of the original costs within the next two years which 
is very hard to realize. That’s why every possible source of cost efficiency needs to be looked at. As the housing is 
made of die cast aluminum, it is one of the major costing elements in the final device. The objective was set to 20-
25 % material reduction realized by a porous inner structure. 
2. Trials Based At The State Of The Art 
The systematic literature search identified four studies/technologies that corresponded to die casting of aluminum 
foams or cellular structures.  
A patent of the Buehler Druckguss AG together with the Goldschmidt AG (Wilfried et al. (2002)) describes a 
technology based upon the blowing agent MgH. The additive is charged during the casting process while the melt is 
flowing into the mold. The dissolving of the blowing agent delivers the gas that causes the bubbles inside the melt.  
Quite similar is the proceeding of Körner, Hirschmann and Singer working at the Chair of Metals Science and 
Technology (WTM) of the Friedrich-Alexander University of Erlangen-Nuernberg (Markus et al. (2003)).  
Both technologies have been used as first approach to achieve the cellular structure. It has been found, that the 
wall thickness or cross shape of the casted parts needs to be larger than common die casting geometries. In close 
discussion with Buehler, the adaption of the process to geometries and parameters related to the customer parts has 
been not as successful as expected. The number of influencing parameters is almost uncontrollable and minor 
changes caused unpredictable results. Pores in different sizes, unrepeatable porosities and surface failures are typical 
results obtained during the trials (Figure 1). 
Georg Fischer’s patented technology for gravity die casting (Steffen et al. (2006)) is working with modified 
alloys, containing high amounts of stabilizer. The mold gets filled and air/gas is injected in a mixing chamber 
substituting melt, that is running back into the storage furnace. The customer refused this solution due to the high 
amount of stabilizing particles and the wrong serial production technology meaning other than the currently used one. 
Last of the state of the art technologies found, was the high pressure die casting of zinc by the HZD ˗ 
Havellaendische Zinkdruckguss GmbH. The production technology of the so called Zincopor® is still confidential 
and depends onto hot chamber die casting and the alloys that can be processed that way. As the housings are 
designed for aluminum alloys, this technology is not appropriate. 
 
  
Fig. 1. Die casted parts based on blowing agent (milled surface). Fig. 2. Consolidated agglomerate of blowing agent. 
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3. Approaches 
As written above the first approaches related to the state of the art have been partly successful but not in 
satisfying quality. Often the dispersion of the blowing agent inside the casting caused major problems (Figure 2). 
The expectations and demands upon the surface quality and dimensional accuracy of high-pressure die casted 
parts are extremely high. Not reaching these requirements there still was another fact that caused the fundamental 
change of thinking.  
Many different chemicals have been tested as blowing agents. The high level speed of the casting and 
solidification process led to fast decomposing materials with almost explosion like reactivity. Aside of the hazard 
potential, these materials are far too expensive.  
The prices of the blowing agents depend very much at the used amount for the single part and the quantities 
bought. A typical price for Titanium-hydride as most common blowing agent for the production of aluminum foam 
is around 250 €/kg. With 1.5 % by weight used for the foaming of a 1 kg aluminum part the costs would add to 
3.75 €/part. The aimed weight reduction of 20 % of the casted part results in a cost-cutting of approximately 0.50 € 
saved on the alloy. Even with lower amounts of used blowing agent and increasing prices of the alloy the cost-
benefit ratio will hardly reach the break even. 
Therefore, the approach how to reach the objective had to be changed.  
The principle of high pressure die casting is based on - as the name already suggests - high pressure. After the 
molten metal is injected into the die showing a pressure of 10 to 175 MPa (1.500 and 25.400 psi) the pressure is 
maintained until the casting solidifies. That way the porosity is eliminated.  
The idea to act the exact opposite way won’t lead to the needed quality but the approach is not far from that. It’s 
typical to evacuate the mold to avoid the mixing of contained air with the molten metal.  
The opposite would be, to use or inject gas in the mold or shot chamber to force that mixing effect causing a 
defined porosity inside the casted part. No additives are needed that way so the lowered amount of needed alloy 
directly results in cost reduction. The parameters and precise sequence of the process are still confidential as the 
industrial customer will use that technology as step ahead of the competitors. But the test results of the produced 
parts proof the advantage and meaningfulness.   
A patent application for the technological process is filed in April this year but not yet granted. 
4. Mechanical Properties 
Tensile tests of the first small batch of parts (always done in two directions X-direction=across the flow path and 
Y direction=along the flow path) show the expected large change of the elastic modulus (Figure 3), almost no 
change of the yield strength (Figure 4) and a strong variation of elongation (Figure 5). The X-axis of these graphs 
always shows the number of the test sample and the last bar represents literature references for a direct comparison. 
 
Fig. 3. Elastic modulus of samples Fig. 4. Yield strength of test samples. 
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Fig. 5. Elongation of test samples. 
The porosity of the analyzed parts is defined increasing from 12 up to 20 % and is depending strongly at the 
chosen casting parameters. 
Surprisingly the mechanical properties are not constantly according to the level of porosity as visible in Figure 4. 
Especially the casting speed has a large influence onto the homogeneity of the pores. As long as the parameters kept 
constant during the small series production the porosity is within a tolerance of ± 1.5 % from the defined level. 
As most of the load is carried by the outer layers of the samples showing a closed surface, the porosity is not 
recognizably affecting the Yield strength. 
The behavior of the samples regarding the elongation is quite typical for cellular structures. Depending on the 
number of pores in the cross section, the weakest spot will fail first transferring the load to the next one and so on. 
Each pore works as initiative crack. That’s why the elongation is varying that much. 
5. Heat Conductance 
The device chosen by the customer for the technology tests is containing several electrical elements causing quite 
high amounts of heat. This thermal energy needs to be spread and emitted by the housing, while a hot spot could be 
harmful. By incorporation of pores and that way air as a good insolation material, the influence of the porosity onto 
the heat conduction is of major importance. 
A thermographical analysis has been used to analyze the thermal behavior of the housing. With an electric heat 
source of constant thermal emission placed underneath, the outer surface was inspected and recorded. The camera 
used for the inspection has a very high resolution. Still, the pores could not or not certainly be seen as the surface 
shows an almost homogeneous emission of heat (Figure 6). 
The result of the warming up of the porous parts compared to a solid part over a defined period of time is shown 
in Figure 7. 
  
 
 
Fig. 6. Screenshot during thermographical analysis. 
 
 
Fig. 7. Warm up behavior. 
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Fig. 8. 3d-thermography of testing field. Fig. 9. Radiogram of casted samples. 
 
The measured temperature is always an average of a 150 x 200 mm² field of view. As the graphs for the samples 
lay very close to each other and the solid one is located in between the porous ones, the result shows no significant 
change in heat conduction or emission. This important conclusion ensures the applicability of the porous housings. 
The green dotted blue areas of that screenshot (Figure 6) demonstrate the different emission of the aluminum 
surface caused by oxide layers and impurity. To avoid the influence of reflection and scattering the measuring field 
was colored in matt black. That explains the sharp temperature drop shown at the edges of the measuring field in 
Figure 8.  
Pointed out by the arrow, a small temperature difference along the measuring field shows a step in wall thickness 
of about 0.15 mm causing that variation of about 0.55 K. As the typical wall thickness of the casted part is 2.6 mm 
this area contains brand, material, producer and casting code of the part. 
To characterize the inner structure of the part X-ray photographs were taken and parameters adjusted, changing 
from a view larger pores to widely spread inhomogeneous pore sizes and finally ending with a fine porosity that is 
almost not recognizable anymore (Figure 9). 
The new developed and still confidential technology of cellular structures realized inside of thin walled high-
pressure die casting parts is coming to material savings of up to 20 % by weight. As expected and typical for cellular 
structures the mechanical properties are reduced but the thermal behavior is not significantly influenced. Further test 
series will be necessary to assure the reproducibility and the behavior in post machining and coating. To find a first 
serial part for the practical application of that technology and to run large serial production of that geometry will be 
the next step of the running project. 
Looking at the energy side of the aimed savings the potential is immense. Taking into account the 20 % less 
material, the amount of energy that is not needed for the primary aluminum production and a typical number of 
casted parts (55.000 pieces a year of the currently chosen geometry) the saved energy would add to around 27 MWh 
per year just for that single geometry.  
The effect multiplies with the estimation of up to 20 different potential casting-parts in the customer’s portfolio. 
Of course not every application and not each geometry is suitable and further investigation will be needed until 
the large serial production starts but the current results convinced about the feasibility forcing an accelerated speed 
of research and development.  
The focus of the next investigations is the locally defined porosity to avoid pores in sealing locations, screw 
domes or bearing surfaces. Realizing this combination of defined porous and solid structures would offer an even 
larger field of potential applications. 
6. Conclusion 
The new developed and still confidential technology of cellular structures realized inside of thin walled high-
pressure die casting parts is coming to material savings of up to 20 % by weight. As expected and typical for cellular 
structures the mechanical properties are reduced but the thermal behavior is not significantly influenced. Further test 
series will be necessary to assure the reproducibility and the behavior in post machining and coating. To find a first 
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serial part for the practical application of that technology and to run large serial production of that geometry will be 
the next step of the running project. 
Looking at the energy side of the aimed savings the potential is immense. Taking into account the 20 % ess 
material, the amount of energy that is not needed for the primary aluminum production and a typical number of 
casted parts (55.000 pieces a year of the currently chosen geometry) the saved energy would add to around 27 MWh 
per year just for that single geometry.  
The effect multiplies with the estimation of up to 20 different potential casting-parts in the customer’s portfolio. 
Of course not every application and not each geometry is suitable and further investigation will be needed until 
the large serial production starts but the current results convinced about the feasibility forcing an accelerated speed 
of research and development.  
The focus of the next investigations is the locally defined porosity to avoid pores in sealing locations, screw 
domes or bearing surfaces. Realizing this combination of defined porous and solid structures would offer an even 
larger field of potential applications. 
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